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NOVELTY - A dielectric HiTElRl material (29) is provided adjoining the side wall 
(2) inside the discharge container (27). A solenoid coil (6) provided in the 
periphery of a discharge container, is energized. Then, predetermined gas is 
introduced into the discharge container and plasma is generated. 

USE - Used as ifffifSifflfpCT vapor phase epitaxy apparatus, plasma dry 

etching apparatus. 

ADVANTAGE - Since the dielectric shielding material is provided inside the 
container, damage of discharge vessel wall is prevented. So running 
efficiency, safety, operation efficiency and reliability are improved. 

DESCRIPTION OF DRAWING(S) - The figure shows the cross-sectional view of high 
frequency discharge type plasma generator. 
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(54) HIGH-FREQUENCY DISCHARGE TYPE PLASMA GENERATION DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high-frequency discharge 
type plasma generation device hardly broken, excellent in operation 
efficiency and enabling large power discharge, by forming a discharge 
container wall with a dielectric and by installing a shielding member 
formed of a dielectric inside the discharge container wall. 
SOLUTION: In a plasma generation device which forms plasma by 
introducing a predetermined gas into a discharge container having a 
part or the whole part of its container wall formed of a dielectric and by 
carrying a high-frequency current to a solenoid coil installed on the 
outside periphery of the discharge container to discharge the gas, a 
shielding member 29 formed of a dielectric is formed inside a side wall 
2 of the discharge container 27. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the high-frequency-discharge mold plasma generator used as a source 
of the plasma of processing plasma equipments, such as the large-scale ion source and the plasma dry etching system 
which are used for heating of the nuclear- fusion plasma, and plasma vapor growth equipment. 
[0002] 

[Description of the Prior Art] It is used for the ion source of the neutral particle incidence equipment for nuclear fusion, 
and the source of the plasma of processing plasma equipments including a semi-conductor about the high-frequency- 
discharge mold plasma generator. As the ion source by this high-frequency-discharge mold plasma generator, as shown 
in drawing of longitudinal section of drawing 10, the discharge container 1 is surrounded by the side attachment wall 2 
made from a quartz, the metal top-plate flange 3, and the lower flange 4, and forms the discharge field 5 in the interior. 
[0003] Moreover, although discharge gas-ed is introduced from the gas feed system which is not illustrated, to said 
discharge field 5, the solenoid coil 6 has been arranged around said side attachment wall 2, and this periphery is covered 
by the electromagnetic-shielding material 7 to it. In addition, although the plasma is generated within said discharge 
container 1, permanent magnets 8 and 9 are .installed in said top-plate flange 3 and lower flange 4, and the magnetic 
field for the plasma closing and improving eye ** is generated. 

[0004] Furthermore, while forming the rubber ring 10 for vacuum locks in the joint of said side attachment wall 2 and 
top-plate flange 3, and a side attachment wall 2 and a lower flange 4, the cooling water way 1 1 is formed in the near. 
[0005] RF generator which is not illustrated to said solenoid coil 6 Although 13.56MHz power is energized and the 
plasma is generated in the discharge container 1, the ion generated by said discharge field 5 is drawn out as an ion beam 
16 outside the discharge field 5 by three drawer electrodes 13, 14, and 15 with which two or more holes 12 for ion 
passage prepared in the lower flange 4 were opened. 

[0006] An electrical potential difference required for this acceleration is divided and impressed to said drawer 
electrodes 13, 14, and 15 through the insulating materials 17, 18, and 19 which pulled out with the lower flange 4 and 
were made to intervene between electrodes 13,14, and 15. 
[0007] 

[Problem(s) to be Solved by the Invention] The above-mentioned high-frequency-discharge mold plasma generator is a 
typical method used for the source of the plasma, or the ion source, and is equipped with the desirable descriptions, like 
association with a RF is good and there are few impurities. However, since the quartz was used as construction material 
of a side attachment wall 2 on the other hand and there was a possibility of damaging with the impact by the particle and 
heat of the plasma, nonconformity, like a limit arises was in continuous running which supplied the RF of large power. 
[0008] Moreover, important section drawing of longitudinal section of drawing 1 1 is the method adopted by the ion 
source of the neutral particle incidence equipment of plasma experimental device ASDEX-Upgrade. In order to mitigate 
the effect of heat, the impact by the plasma-particles input, etc. to the side attachment wall 2 made from the quartz 
which forms the discharge container 20 Inside a side attachment wall 2, Faraday shield 21 it has prepared (it Feist(s) 
source: - J.-H. -) W. Kraus, E.Speth, and M.Ciric, B. Heinemann, F.Probst, R.Riedl: Proc.16th.Sympo.on Fusion 
Engineering, vol.2, pp.976-979 (1 995). 

[0009] In addition, the magnetic field by which is metal material with the slit of the shaft orientations of the discharge 
container 20, and induction was carried out with the solenoid coil 6 passes the slit of Faraday shield 21, advances into 
the plasma, and contributes said Faraday shield 21 to discharge. Moreover, since some side attachment walls 2 were 
covered with the metal part of Faraday shield 21, and the impact by the heat input and plasma particles to a side 
attachment wall 2 made from a quartz was mitigated greatly, high power operation was attained compared with the 
high-frequency-discharge mold plasma generator of above-mentioned drawing 10. 

[0010] In addition, also when a crack arises, he is trying for the periphery of the side attachment wall 2 made from said 
quartz not to have vacuum leakage by surrounding by the metal vacuum housing 22 in the side attachment wall 2 of the 



discharge container 20 by the side attachment wall 2 made from a quartz. Moreover, the discharge field 5 of the 
discharge container 20 and the outside of a side attachment wall 2 are open for free passage by the regulator valve 23 
for pressure regulation. However, also in the discharge container 20 which formed this Faraday shield 21, a possibility 
of destroying exists from that side attachment wall 2 receiving the particle of the plasma, and the exposure of heat 
through opening of the slit of Faraday shield 21. 

[001 1] Furthermore, since said metal Faraday shield 21 was formed, there is trouble that the utilization effectiveness of 
the high-frequency power to switch on falls from association with a RF and the plasma worsening. Moreover, it is the 
nonconformity produced as a problem in connection with above-mentioned drawing 10 and the high-frequency- 
discharge mold plasma generator shown in 1 1 since the solenoid coil 6 for RF electric power supplies was installed in 
the outside of the discharge containers 1 and 20, 

[0012] The high-frequency-discharge mold plasma generator shown in drawing of longitudinal section of drawing 12 
The side-attachment-wall 25 grade of the discharge container 24 is constituted from a metal. A solenoid coil 6 it is the 
example installed in the interior of the discharge container 24 (source: - T.Takanashi, Y.Takeiri, O.Kaneko, Y.Oka, 
KTsumori, T.Kuroda, and : JpnJ.Appl.Phys. ») 35, part 1, No.4A, pp.2356-2362 (1996). Even if it switches on large 
power by this method, there is almost no fear of the breakage from the side-attachment-wall 25 grade of the discharge 
container 24 being metal. However, the difficulty in the structure of the current induction 26 which supplies power to 
the solenoid coil 6 prepared in the interior of the discharge container 24 is high. 

[0013] Although this current induction 26 must insulate electrically [ the discharge container 24 ], it can consider the 
side-attachment- wall material of carrier beam metal vapor-depositing the spatter of the plasma in the insulating section 
of the current induction 26, and becoming poor insulation. Furthermore, since the solenoid coil 6 is immersed into the 
plasma, the plasma loss produced on the front face of this solenoid coil 6 is large, and buildup of a plasma consistency 
is barred. Therefore, the device which lessens a bonnet and plasma loss with dielectrics, such as a quartz and alumina 
ceramics, is made in the front face of a solenoid coil 6 as this cure. 

[0014] however - the case where the front face of a solenoid coil 6 is covered with a dielectric - a dielectric front face - 
- the charge of the plasma - depositing - a coil - since the potential difference arises between conductors, although a 
dielectric must bear this potential difference, the ingredient which has high withstand voltage has not been found in it, 
without having an adverse effect on the property of the plasma the place which it is till the present. 
[0015] Thus, since the withstand voltage of a dielectric is insufficient, if a charge accumulates, by discharge breakdown, 
a crack will arise in a dielectric and it will result in exfoliation and omission of a dielectric. Thus, if a partial crack arose 
in a dielectric, since it would also become the cause which the instability of discharge generates, even when the method 
of this, drawing 12 was adopted, large power discharge was difficult. 

[0016] The place made into the object of this invention is to install the shielding material by the dielectric inside this 
discharge vessel wall, and offer the high-frequency-discharge mold plasma generator in which the large power 
discharge fear of breakage excelled [ discharge ] in operation effectiveness few is possible while constituting a 
discharge vessel wall from a dielectric. 
[0017] 

[Means for Solving the Problem] The high-frequency-discharge mold plasma generator applied to invention according 
to claim 1 in order to attain the above-mentioned object is characterized by to form the shielding material by the 
dielectric inside said discharge vessel wall in the plasma generator which energize a RF to the solenoid coil installed in 
the periphery of said discharge container, and gas is made to discharge, and forms the plasma while it introduces 
predetermined gas in the discharge container which constituted a part or all of a vessel wall from a dielectric. The 
impact by the heat and particle of the plasma is covered by the shielding material, and since a vessel wall is protected by 
this, breakage can be prevented. 

[0018] The high-frequency-discharge mold plasma generator concerning invention according to claim 2 is characterized 
by cooling the shielding material formed in said discharge container in claim 1. The dependability of a shielding 
material improves by cooling the shielding material which gets an impact by the heat and particle of the plasma. 
[0019] The high-frequency-discharge mold plasma generator concerning invention according to claim 3 is characterized 
by said discharge container preparing a gap between said vessel walls and said shielding materials in claim 1. A gap is 
prepared between the shielding material which gets an impact by the heat and particle of the plasma, and a discharge 
vessel wall, and a shielding material, heat transfer, etc. are isolated. 

[0020] The high-frequency -discharge mold plasma generator concerning invention according to claim 4 is characterized 
by the shielding material formed in said discharge container being opacity optically in claim 1. About the plasma light 
generated in the inside of a shielding material, it intercepts with an opaque shielding material and radiation light does 
not reach a discharge vessel wall. 

[0021] The high-frequency-discharge mold plasma generator concerning invention according to claim 5 is characterized 
by constituting the shielding material formed in said discharge container from alumina ceramics in claim 4. It is 



optically opaque and the dependability of a shielding material and a discharge vessel wall improves by the alumina 
ceramics excellent in mechanical strength. 

[0022] The high-frequency-discharge mold plasma generator concerning invention according to claim 6 is characterized 
by constituting the shielding material formed in said discharge container from a quartz in claim 1 . A quartz is a 
transparent ingredient optically, by constituting a part of discharge vessel wall [ at least ] from a transparent ingredient 
to apply, can observe the plasma or can draw the light which the plasma emits out of a discharge container. 
[0023] The high-frequency-discharge mold plasma generator concerning invention according to claim 7 is characterized 
by the shielding material formed in said discharge container consisting of two or more wafers in claim 1 . The assembly 
of a shielding material and partial exchange become easy, and maintainability becomes high. 

[0024] The high-frequency-discharge mold plasma generator concerning invention according to claim 8 is characterized 
by said discharge container fixing or enclosing two or more reinforcing materials with the front face or the interior of a 
dielectric which constitutes a discharge vessel wall and a shielding material in claim 1. Also when a crack arises in a 
shielding material, a shielding material does not disperse and mechanical strength. and dependability improve. 
[0025] It is characterized by the high-frequency-discharge mold plasma generator concerning invention according to 
claim 9 installing two or more metal cooling pipes in the front face or the interior of a dielectric said discharge container 
constitutes a discharge vessel wall and a shielding material in claim 1. Also when a crack arises in a shielding material, 
a shielding material does not disperse and mechanical strength and dependability improve further by cooling. 
[0026] The high-frequency-discharge mold plasma generator concerning invention according to claim 10 is 
characterized by having arranged said metal reinforcing materials and metal metal cooling pipe in the direction parallel 
to the shaft of a solenoid coil in claim 8 or claim 9. By having arranged metal reinforcing materials and a metal metal 
cooling pipe in the direction parallel to the shaft of a solenoid coil, the magnetic field guided from the solenoid coil can 
advance into a discharge container. 

[0027] The high-frequency-discharge mold plasma generator concerning invention according to claim 1 1 is 
characterized by containing said discharge container in the container in which a vacuum lock is possible in claim 1 . The 
discharge container is protected by the container in which a vacuum lock is possible. Moreover, a vacua is maintained 
also when a discharge container is damaged. 

[0028] It is characterized by the high-frequency-discharge mold plasma generator concerning invention according to 
claim 12 preparing installation of gas, and the closing motion device for exhaust air in the field to which said discharge 
container was surrounded with said discharge container and the container in which a vacuum lock is possible in claim 
1 1. The discharge in the field formed between the discharge container and the container in which the vacuum lock 
which covers and protects this discharge container is possible is prevented by the pressure regulation by installation of 
gas, and the closing motion device for exhaust air. 

[0029] The high-frequency-discharge mold plasma generator concerning invention according to claim 13 is 
characterized by said discharge container making low or higher than the pressure in said discharge container the 
pressure of the field surrounded by said discharge container and the container in which a vacuum lock is possible in 
claim 11 or claim 12. The pressure of the field formed between the discharge container and the container in which ** of 
a vacuum lock is possible can prevent discharge easily by making it low or higher than the pressure in a discharge 
container. 

[Embodiment of the Invention] The gestalt of 1 operation of this invention is explained with reference to a drawing. In 
addition, the same component as the above-mentioned conventional technique is resembled, therefore the same sign is 
attached, and detailed explanation is omitted. The gestalt of the 1st operation starts claim 1 thru/or claim 3, and as the 
ion source using a high-frequency-discharge mold plasma generator, as shown in drawing of longitudinal section of 
drawingj, , while surrounding the discharge container 27 by the side attachment wall 2 made from a quartz, the metal 
top-plate flange 3, and the lower flange 4, it forms the sh ielding material 29 m ade from a quartz through a clearance 28 
inside a side attachment wall 2, and forms the discharge field 5 in the interior (claims 1 and 3). 

[0031] Moreover, while introducing discharge gas-ed from the gas feed system which is not illustrated, to said discharge 
field 5, the solenoid coil 6 has been arranged around said side attachment wall 2, and this periphery is covered by the 
electromagnetic-shielding material 7 to it. In addition, although high-frequency power is supplied to a solenoid coil 6 
within said discharge container 1 and the plasma is generated, permanent magnets 8 and 9 are installed in said top-plate 
flange 3 and lower flange 4, and the magnetic field for said plasma closing and improving eye ** is generated. 
[0032] Furthermore, to the joint of a side attachment wall 2 and said shielding material 29 and top-plate flange 3, a side 
attachment wall 2 and a shielding material 29, and a lower flange 4, the rubber ring 10 for vacuum locks is formed, a 
cooling water way 1 1 is formed in the near, and a side attachment wall 2 and a shielding material 29 are cooled (claim 

[0033] Moreover, an ion beam 16 is drawn out outside the discharge field 5 by three drawer electrodes 13, 14, and 15 



vvith which two or more holes 12 for ion passage prepared in the lower flange 4 were opened. The electrical potential 
difference required for this acceleration is considered as the configuration impressed to said drawer electrodes 13, 14, 
ind 15 by dividing through the insulating materials 17, 18, and 19 which pulled out with the lower flange 4 and were 
nade to intervene between electrodes 13, 14, and 15. 

[0034] Next, the operation by the above-mentioned configuration is explained. The plasma is generated in the discharge 
field 5 of the discharge container 27, and the ion beam 16 which passed two or more holes 12 of the drawer electrodes 
13, 14, and 15 is pulled out outside the discharge field 5. At this time, with the shie lding material 29 made from a quartz 
by which that inside was installed, since the heat and particle of the plasma which were generated in the discharge field 
5 are intercepted, the side attachment wall 2 made from said quartz does not get that direct impact. 
[0035] In addition, the shielding material 29 which gets the heat of the plasma and an impact of a particle instead of said 
side attachment wall 2 may be damaged, although it is reliable since it is always cooled by the cooling water way 1 1 
from the ends with the side attachment wall 2. However, also when a shielding material 29 is damaged, a vacua is not 
destroyed promptly. Namely, many of destruction of said shielding material 29 is not generating of a crack, and this will 
not necessarily be in a condition inconvenient for high frequency discharge. 

[0036] Moreover, the vacua of the discharge container 1 is maintained by said side-attachment- wall 2 grade on the 
periphery of a shielding material 29. Therefore, even if a shielding material 29 is damaged, continuation of operation of 
a high-frequency-discharge mold plasma generator is possible. In addition, what is necessary is to choose a suitable 
stage and just to exchange a shielding material 29 to compensate for the operation plan of a high-frequency-discharge 
mold plasma generator, when breakage of a shielding material 29 progresses remarkably. 
[0037] Thus, it is easy to supply the RF of large power to a high-frequency-discharge mold plasma generator by 
insta lling a shielding material 2 9, and since continuous running is safely maintainable, operation effectiveness and 
dependabi lity impro ve. Moreover, the object which forms said shielding material 29 i s protecting **** 2 of t he 
discharge container 27 from the heat of the plasma, or the impact of a particle, therefore discharge must not produce it 
in the field between a side attachmenTwall I an3 a shielding material 29. 

[0038] Generally, if the gas pressure in the discharge field 5 is fixed, the minimum container dimension required for 
discharge in order for gas to discharge exists. An electron and ion with energy collide and discharge ionizes gas, and it 
is accelerated in the RF electric field where the electron produced by this ionization is generated by microwave, and it 
ionizes gas further. The number of charged particles increases by repeating this process. 
[0039] If it collides with said vessel wall before the volume dimension which forms the discharge field 5 in the 
discharge container 29 is unequal, colliding with the vessel wall of the side-attachment-wall 2 grade concerned before a 
charged particle obtains energy required for ionization, when some of the dimensions are short, or colliding with gas, it 
will not result in discharge. The typical working pressure region of the ion source or the plasma is lPa or less in general, 
and since a required container dimension is set to several mm or more, it is setting the gap 28 of the side attachment 
wall 2 of the discharge container 27, and a shielding material 29 to 1mm or less with the gestalt of **** 1 operation. 
[0040] The gestalt of the 2nd operation starts claim 4 or claim 5, and about the construction material of a shielding 
material, since it is deformation of the gestalt of the 1st operation of the above, since it is the same about the operation 
and effectiveness, explanation is omitted, and it attaches for it and explains it to a different point as the component in 
the gestalt of the 1st operation. As construction material of the shielding material 29 in above-mentioned drawing 1 , it 
considers as the configuration using the alumina ceramics which is the dielectric of opaque construction material 
optically. 

[0041] As an operation by the above-mentioned configuration, unlike the quartz as said side attachment wall 2 with said 
same shielding material 29, since it is opacity, luminescence of the plasma generated in the discharge field 5 is covered. 
Thereby, since the heat burden of the side attachment wall 2 made from, a quartz by the radiation light of the plasma is 
decreased, dependability improves. 

[0042] In addition, the object which installs a shielding material 29 as described above is protecting a side attachment 
wall 2 from the heat of the plasma which emitted light, or the impact of a particle, and is not maintenance of a vacua. 
Therefore, a shielding material 29 does not need to be the structure which can perform vacuum maintenance, for this 
reason does not need to be integral construction. 

[0043] The gestalt of the 3rd operation starts claim 6, about the construction material of a shielding material, since it is 
deformation of the gestalt of the 1st operation of the above, since it is the same about the operation and effectiveness, 
explanation is abbreviated to the component in the gestalt of the 1st operation, and a different point is explained. As 
construction material of the screen 29 in above-mentioned drawing 1 , it considers as the configuration using the quartz 
which is the dielectric of transparent construction material optically. 

[0044] As an operation by the above-mentioned configuration, by using optically some discharge electric shielding 
walls [ at least ] as a transparent quartz, the plasma can be observed visually or the light which the plasma emits can be 
drawn out of a discharge container. The condition of the plasma can be analyzed by using the drawn light for a 



spectroscope etc. Of course, in this case, unlike the gestalt of the 2nd operation of the above, the radiation light of the 
plasma reaches a discharge vessel wall, and becomes some thermal loads, but this configuration is useful to give priority 
co observation and the monitor of the plasma and perform them. 

[0045] The gestalt of the 4th operation starts claim 7, and about the configuration of a shielding material, since it is 
deformation of the gestalt of the 1st operation of the above, since it is the same about the operation and effectiveness, 
explanation is omitted, and it attaches for it and explains it to a different point as the component in the gestalt of the 1st 
operation. 

[0046] Drawing 2 and drawing 3 are the sectional views which met the A- A line in above-mentioned drawing 1 , make 
the joint of wafer 30a incline at the include angle at which the plasma light of the discharge field 5 does not face the 
side attachment wall 2 of a discharge container squarely, and are constituted while they combine much wafer 30a for a 
shielding material 30 in drawing 2 . Moreover, it constitutes in the configuration in which the plasma light of the 
discharge field 5 does not face a side attachment wall 2 squarely, using [ a shielding material 3 1 ] the joint of 
combination and wafer 3 la as a key type for much wafer 3 la in drawing 3 . 

[0047] As an operation by the above-mentioned configuration, since exchange of shielding materials 30 and 3 1 can also 
perform shielding materials 30 and 31 selectively while the assembly of shielding materials 30 and 31 becomes easy 
about them, since many wafers 30a and 31a are combined continuously, it excels in maintainability. In addition, even if 
it is a configuration except the configuration of the joint which carries out the combination of the wafers 30a and 3 la of 
said large number being shown in above-mentioned drawing 2 and drawing 3 , the plasma should just be the 
configuration which does not face a side attachment wall 2 squarely. 

[0048] The gestalt of the 5th operation starts claim 8 or claim 10, and about reinforcement of a side attachment wall and 
a shielding material, since it is deformation of the gestalt of the 1st operation of the above, since it is the same about the 
operation and effectiveness, explanation is omitted, and it attaches for it and explains it to a different point as the 
component in the gestalt of the 1st operation. 

[0049] Drawing 4 and drawing 5 are taken as the configuration which is the important section expanded sectional view 
which met the B-B line in above-mentioned drawing 1 , among these fixes the metal thin line 33 which is reinforcing 
materials to the internal surface of a shielding material 34 while fixing the metal thin line 33 as reinforcing materials to 
the outside surface of the side attachment wall 32 of a discharge container about drawing 4 (claim 8). In addition, the 
metal thin line 33 which is said reinforcing materials is arranged in the shaft of a solenoid coil 6, and the direction of 
parallel (claim 10). 

[0050] Moreover, about drawing 5 , it is the modification of above-mentioned drawing 4 , and while laying the metal 
thin line 33 under the interior of the side attachment wall 35 of a discharge container as reinforcing materials, the metal 
thin line 33 which is reinforcing materials is laid under the interior of a shielding material 36. Furthermore, said metal 
thin line 33 is considered as the configuration arranged in the shaft of a solenoid coil 6, and the direction of parallel. 
[0051] Since fixing ****** laying under the ground of the metal thin line 33 which is reinforcing materials, respectively 
is carried out as an operation by the above-mentioned configuration at the side attachment walls 32 and 35 and shielding 
materials 34 and 36 of a discharge container, even if a crack should arise in side attachment walls 32 and 35 and 
^shielding materials 34 and 36, since that they disperse can prevent, safety and dependability are high. 
[0052] Moreover, since the metal thin line 33 which is said reinforcing materials is excellent in thermal conductivity 
with mechanical strength, it contributes also to the cooling function of side attachment walls 32 and 35 and shielding 
materials 34 and 36, and it becomes strong also against the heat of the plasma, or the impact of a particle. Furthermore, 
since it is installing in the direction where the metal thin line 33 is parallel to the shaft of a solenoid coil 6, the magnetic 
field guided with the solenoid coil 6 can advance into the discharge container 27. 

[0053] The gestalt of the 6th operation starts claim 9 or claim 10, and about a side attachment wall and a shielding 
material, since it is deformation of the gestalt of the 5th operation of the above, since it is the same about the operation 
and effectiveness, explanation is omitted, and it attaches for it and explains it to a different point as the component in 
the gestalt of the 5th operation. 

[0054] Drawing 6 and drawing 7 are the important section expanded sectional views which met the B-B line in above- 
mentioned drawing 1 , in drawing 6 , fix the metal cooling pipe 38 which pours a refrigerant inside at the outside 
surface of the side attachment wall 37 of a discharge container, and are taken as the configuration which fixed the metal 
cooling pipe 38 to the internal surface of a shielding material 39, and made reinforcing materials serve a double purpose 
(claim 9). In addition, said metal cooling pipe 38 is arranged in the shaft of a solenoid coil 6, and the direction of 
parallel (claim 10). 

[0055] Moreover, drawing 7 is the modification of above-mentioned drawing 6 , and it is taken as the configuration 
which has arranged in the shaft of a solenoid coil 6, and the direction of parallel, and made reinforcing materials serve a 
double purpose while it lays the metal cooling pipe 38 under the interior of the side attachment wall 40 of a discharge 
container and lays the metal cooling pipe 38 under the interior of a shielding material 41. 



[0056] As an operation by the above-mentioned configuration, fixing ****** laying under the ground of the metal 
cooling pipe 38 which served as reinforcing materials, respectively is carried out, a refrigerant is that of ******** and 
side attachment walls 37 and 39 and shielding materials 40 and 41 are all cooled by the side attachment walls 37 and 39 
and shielding materials 40 and 41 of a discharge container. For this reason, it is [ both ] strong against the heat of the 
cooling effectiveness to the plasma, or the impact of a particle, and since that they disperse can prevent even when 
[ whose mechanical strength improves ] a crack arises in side attachment walls 37 and 39 and shielding materials 40 and 
41, safety and dependability should be high. 

[0057] The gestalt of the 7th operation starts claim 1 1 thru/or claim 13, and about protection of a discharge container, 
since it is deformation of the gestalt of the 1st operation of the above, since it is the same about the operation and 
effectiveness, explanation is omitted, and it attaches for it and explains it to a different point as the component in the 
gestalt of the 1st operation. 

[0058] As a high-frequency-discharge mold plasma generator, as shown in drawing of longitudinal section of drawing 
8 , while surrounding the discharge container 42 by the side attachment wall 2 made from a quartz, the metal top-plate 
flange 3, and the lower flange 4, it forms the shielding material 29 made from a quartz through a clearance 28 inside 
said side attachment wall 2, and forms the discharge field 5 in the interior. 

[0059] Moreover, on the periphery of said side attachment wall 2, the metal vessel 43 which protects the periphery of a 
side attachment wall 2 and in which a vacuum lock is possible is formed between the top-plate flange 3 and a lower 
flange 4, and a field 44 is formed between this metal vessel 43 and side attachment wall 2 (claim 11). Furthermore, it is 
open for free passage with said field 44, the closing motion device by the supply valve 45 and exhaust valve 46 for 
supply of the gas which carries out pressure regulation, and exhaust air is established, and the pressure in a field 44 is 
constituted it is high and possible [ maintenance ] lower than the pressure of said discharge field 5 (claims 12 and 13). 
[0060] Since the mechanical protection and the vacuum lock to a side attachment wall 2 are performed by the metal 
vessel 43 as an operation by die above-mentioned configuration and a vacua should be held by this metal vessel 43 
when a side attachment wall 2 is damaged while protecting the discharge container 42 from external force, serious 
damage does not attain to the whole equipment incorporating the ion source and the source of the plasma. 
[0061] Moreover, when it is made a configuration like drawing 8 , discharge must not occur in the field 44 between a 
side attachment wall 2 and a metal vessel 43. What is necessary is just to sufficiently carry out whether the pressure of a 
field 44 is made sufficiently lower than the pressure of the discharge field 5 of the discharge containers 42, since what is 
necessary is just to choose the conditions which a gas molecule does not ionize continuously as mentioned above in 
order to prevent the discharge in this field 44. 

[0062] For example, it is the pressure of said field 44 100 of the pressure in the discharge container 42 If it carries out to 
about [ of a part ] one, it will not discharge in this field. Moreover, even if a side attachment wall 2 is damaged, the 
pressure inside the ion source does not rise, and it is almost uninfluential also to the whole plasma generator. In order to 
keep the pressure of this field 44 low, the vacuum devices for exhausting the field 44 between a side attachment wall 2 
and a metal vessel 43 are needed, and the exhaust valve 46 in a closing motion device is opened, and is attracted with 
the vacuum devices which are not illustrated. 

[0063] On the other hand, even if it sets the pressure of a field 44 as atmospheric pressure, it does not discharge in this 
field 44. Thus, when a pressure is high, in order to collide with gas before high energy accelerates enough even if 
accelerated in RF electric field, ionization of the continuous gas molecule does not produce a charged particle. In 
addition, although the pressure inside the ion source will rise if the pressure of a field 44 is set as atmospheric pressure, 
and the discharge container 42 is damaged, it can avoid influencing operation of a plasma generator by setting up the 
volume of a field 44 sufficiently small. 

[0064] Moreover, when the pressure of said field 44 is made into atmospheric pressure, a special exhauster etc. is not 
needed, but the supply valve 45 in a closing motion device is opened, and it ends with a configuration easier [ that what 
is necessary is just open for free passage with atmospheric air ] than the case where said pressure is set up low. 
Therefore, what is necessary is just to set the pressure of a field 44 as atmospheric pressure that what is necessary is just 
to make it low to avoid the pressure buildup of a plasma generator including the ion source to simplify an equipment 
configuration. 

[0065] About the configuration of a discharge container, since it is deformation of the gestalt of the 1st operation of the 
above thru/or the gestalt of the 7th operation, since the gestalt of the 8th operation is the same about the operation and 
effectiveness, explanation is omitted, and it attaches for it and explains it to a different point as the component in the 
gestalt of the 1st operation thru/or the gestalt of the 7th operation. In the gestalt of the 1st operation of the above thru/or 
the gestalt of the 7th operation, the side-attachment-wall section of a discharge container is constituted from a dielectric, 
and the example which used the metal is shown in the top-plate flange. However, the discharge container concerning 
this invention is not limited to these examples. 

[0066] As shown in drawing of longitudinal section of drawing 9 , the discharge container 47 arranges a shielding 



material 49 inside a dielectric 48, and forms the discharge field 5 in the interior while it constitutes the side-attachment- 
wall section and the top-plate section from a dielectric 48 made into one. Moreover, the cooling pipe 50 was installed 
inside the top-plate section of this shielding material 49, and the shielding material 49 is cooled. Furthermore, said 
dielectric 48 is considered as the configuration which covered the whole with the electromagnetic-shielding object 7. 
Thereby, the same effectiveness as the case where a shielding material 29 is installed in a side attachment wall 2 is 
acquired. 

[0067] In addition, in the gestalt of each above operation, although the discharge container explained by the rectangular 
example, even if this invention is the case of a cylindrical shape discharge container regardless of the configuration of a 
discharge container, the same effectiveness is acquired. Moreover, although the time and effort of a fabrication 
increases, the safety of a plasma generator also increases it, as it is not limited to a number of layers but the number of 
shielding materials increases, although the gestalt of each above-mentioned implementation explained the case where a 
shielding material was the much more. 

[0068] Furthermore, in the range which does not deviate from the summary, this invention is changed suitably, is 
carried out, is applied to high-frequency -discharge mold plasma generators, such as a semi-conductor manufacturing 
facility which uses the RF plasma other than the above-mentioned ion source, and chemical treatment equipment, and 
the outstanding effectiveness is acquired. 
[0069] 

[Effect of the Invention] Without affecting association with a RF and the plasma according to this invention, by 
installing the shielding material constituted from a dielectric inside said discharge vessel wall above, while constituting 
a discharge vessel wall from a dielectric, breakage on a discharge vessel wall is prevented and the operation 
effectiveness of a high-frequency-discharge mold plasma generator, the operation effectiveness not only in safety but 
the various equipments which adopted this, and dependability improve. 



[Translation done.] 



